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application. In particular, due to the high surface density of the conjugates, they will 
assemble into large aggregates in the presence of a target nucleic acid or oligonucleotide. 
The temperature over which the aggregates form and dissociate has unexpectedly been found 
to be quite narrow, and this unique feature has important practical consequences. In 
particular, it increases the selectivity and sensitivity of the methods of detection of the 
present invention. A single base mismatch and as little as 20 femtomoles of target can be 
detected using the conjugates. Although these features were originally discovered in assays 
performed in solution, the advantages of the use of these conjugates have been found to 
extend to assays performed on substrates, including those in which only a single type of 
conjugate is used. 

It has been found that the hybridization efficiency of nanoparticle-oligonucleotide 
conjugates can be increased dramatically by the use of recognition oligonucleotides which 
comprise a recognition portion and a spacer portion. "Recognition oligonucleotides" are 
oligonucleotides which comprise a sequence complementary to at least a portion of the 
sequence of a nucleic acid or oligonucleotide target. In this embodiment, the recognition 
oligonucleotides comprise a recognition portion and a spacer portion, and it is the recognition 
portion which hybridizes to the nucleic acid or oligonucleotide target. The spacer portion 
of the recognition oligonucleotide is designed so that it can bind to the nanoparticles. For 
instance, the spacer portion could have a moiety covalently bound to it, the moiety 
comprising a functional group which can bind to the nanoparticles. These are the same 
moieties and functional groups as described above. As a result of the binding of the spacer 
portion of the recognition oligonucleotide to the nanoparticles, the recognition portion is 
spaced away from the surface of the nanoparticles and is more accessible for hybridization 
with its target. The length and sequence of the spacer portion providing good spacing of the 
recognition portion away from the nanoparticles can be determined empirically. It has been 
found that a spacer portion comprising at least about 10 nucleotides, preferably 10-30 
nucleotides, gives good results. The spacer portion may have any sequence which does not 
interfere with the ability of the recognition oligonucleotides to become bound to the 
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nanoparticles or to a nucleic acid or oligonucleotide target. For instance, the spacer portions 
should not sequences complementary to each other, to that of the recognition olignucleotides, 
or to that of the nucleic acid or oligonucleotide target of the recognition oligonucleotides. 
Preferably, the bases of the nucleotides of the spacer portion are all adenines, all thymines, 
all cytidines, or all guanines, unless this would cause one of the problems just mentioned. 
More preferably, the bases are all adenines or all thymines. Most preferably the bases are 
all thymines. 

It has further been found that the use of diluent oligonucleotides in addition to 
recognition oligonucleotides provides a means of tailoring the conjugates to give a desired 
level of hybridization. The diluent and recognition oligonucleotides have been found to 
attach to the nanoparticles in about the same proportion as their ratio in the solution 
contacted with the nanoparticles to prepare the conjugates. Thus, the ratio of the diluent to 
recognition oligonucleotides bound to the nanoparticles can be controlled so that the 
conjugates will participate in a desired number of hybridization events. The diluent 
oligonucleotides may have any sequence which does not interfere with the ability of the 
recognition oligonucleotides to be bound to the nanoparticles or to bind to a nucleic acid or 
oligonucleotide target. For instance, the diluent oligonulceotides should not have a sequence 
complementary to that of the recognition olignucleotides or to that of the nucleic acid or 
oligonucleotide target of the recognition oligonucleotides. The diluent oligonucleotides are 
also preferably of a length shorter than that of the recognition oligonucleotides so that the 
recognition oligonucleotides can bind to their nucleic acid or oligonucleotide targets. If the 
recognition oligonucleotides comprise spacer portions, the diluent oligonulceotides are, most 
preferably, about the same length as the spacer portions. In this manner, the diluent 
oligonucleotides do not interefere with the ability of the recognition portions of the 
recognition oligonucleotides to hybridize with nucleic acid or oligonucleotide targets. Even 
more preferably, the diluent oligonucleotides have the same sequence as the sequence of the 
spacer portions of the recognition oligonucleotides. 
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As can be readily appreciated, highly desirable nanoparticle-oligonucleotide 
conjugates can be prepared by employing all of the methods described above. By doing so, 
stable conjugates with tailored hybridization abilities can be produced. 

Any of the above conjugates can be, and are preferably, used in any of the methods 
of detecting nucleic acids described above, and the invention also provides a kit comprising 
a container holding any of the above conjugates. In addition, the conjugates can be, and are 
preferably, used in any of the methods of nanofabrication of the invention and the method 
of separating nucleic acids. 

It is to be noted that the term "a" or "an" entity refers to one or more of that entity. 
For example, "a characteristic" refers to one or more characteristics or at least one 
characteristic. As such, the terms "a" (or "an"), "one or more" and "at least one" are used 
interchangeably herein. It is also to be noted that the terms "comprising", "including", and 
"having" have been used interchangeably. 
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